FACILITY FORM 802

SEMIANRUAL REPORT

National Acronautics and Space Administration
Grant NsG-419

Covering the Perlod

November 1, 1965 - April 30, 1966

Submitted by: Alan H. Barrett
Principal Investigator

July 8, 1966

Massachusetts Institute of Technology
Research Laboratory of Electronics
Cambridge, Massachusetts

N66-85969

(ACCESSION NUMBER} (THRU)

{

{PAGES) (CODE)

(NASA CR OR réx O; AD H‘ﬁMBER) (CATEGORY)



This report covers the period from November 1, 1955 to
Aprii 30, 1965, during which research was performed under National
Aeronsutics and Space Aduinistration Grant NsG~-L19. Progress in

the principal areas of investigation is briefly reviewed below.

1. K-band Rediometry and Cbservations

Measurements of Venus, Jupiter, the sun, moon; Ta:urus A, and
3C273 were made during the period from Jamuary to March, 1966 at
wavelengths of 1,18, 1.28, 1.35, 1.k3, and 1.58 centimeters. The
five-chamnel Dicke radicmetor and 28-£%. antenna were ezsentially
those described earlier. The major additions to the system were 1.f,
galn modulators to permit separste balancing of each channel, and a
new antenna feed to permit opcration at lower frequencies,

The preliminary results indicate the average spectrums of Venus
and Jupiter exhibited no resonmat festures at the 1.35-cm wavelength
watier vapor resonance, A complete analysis of the data is underway
and will be reported at the 122°% Meeting of the American Astronomical
Society in Ithaca, New York, July 25-28, 1965.

During the Janusry - March, 1966, observing interval oﬁservationa
were also made of 3% sunscts to determine atmospheric attenustion on
the water ﬁmr resonance, Thirty-three “q:‘f‘ these observations were : o -
accompanied by radiosonde dats from launches a.*.;. Hanscom Field, Bedford,

or M.1,T., Cambridge. These data are stlll being processed at this time,



A special K-band system has been constructed to sttempt to
detect stratosgpheric water vépor by virtue of the enhanced
emission in a small frecuency interval nesr the 1,35-cm resonance,
This apparatus has been completed and is being packaged for outdoor

use,

L

Ii. Oxygen-idine Observations at High Altitudes ‘
The .date taken during the balloon flights in July, 1665, have
been reduced., The dats are generally consistent with that taken
during previous balloor flights. The thecretical antenna temperatures
agree vith the measured values for low heights, where both are egual
o the atmospheric temperature because the optical depth is large for
all channels. The antenna tcmperatures of the 20C Mc/s channels ave
the {irst to depart from the atmospheric temperature at about 18-2) km;
the antenna temperatures of the 60 Mc/s and 20 Me/s channels do likawise
at' about 22-24 km and 28-30 km, respectively.
Differences between the measured and theoretical valves are evident.
On the 200 Mc/s and 60 Mc/s channels the measured entenna temperstures
are higher than predicied above the height where departure from tie
atmospheric temperature occurs; whereas the 20 Mc/s channels behsve
approximately &s predicted by theory. These results would appear to
indicete & higher &bsorption than predicted at + 200 Mc/s and + 60 Mc/s
from the resonance frequency and sn absorption equal o the predicted

value at + 20 Mc/s from the resonance.
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The discrepancy msy lie in the theoretical a.gstmption
that the absorpiion coefficient due to many coverlapping resonance
lines is the sum of the individual sbsoxption covefficients, There
has been some evidence thet this i1s not the case in the wings of
overlapping lines, but that the true absorption coefficient is La.rger_
than the sum of the individual ones. .
Analysis of the data from flight 154-P continues;'in particular
an ix;version method yielding +the sbsorpiion coefficlent at various
heights for each of the channels is being develcped. This informetiocn
will make interpretation in terms-of correct lirce shapes much easler,
The results of flights 152-P and 153«P are being analysed with
emphasis on inverting the microwvave antenna temperature measurements to
obtain the atmospheric temperature profile inm the 16-38 km height range.
Another series of balloon flights was undertaken in January-February,
1966 from Phoenix, Arizona. The purpose of these flights was similar to
thet for flights 152-P .and 153~P, namely to make microwave measurements
which could be interpreted to yield the atmospberic tempersature profile
for a given height range, The flight characteristics and comments are

summarized in Table 1. ,

TABLE 1 Summary of Winter Balloon Flight Experiments
Flight e Duration Float Altitude Comments
198-Lp 27 Jan, 8 br. 38 ¥m Successful
199-1P 2 Feb, 11/2 hr, none Beacon Failure

200-LF 3 Feb, 8 hr. 33 kn Successful
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The radlometer was modified slightly to give a better spreed of
weighting functions and to probe as deeply as possible for frequencies
centerred

~
e

the 5+ rescnance line. The radiometer paremeters end
the height levels sounded by these experiments are summarized in Table 2.

TABLE 2 Summary, Flights 198LP, 199LP, 200LP
v, = 61,1506 Ge/s  (Local oscillator freguency) '

ar_ o 1-2%

Vie = center frequency of IF passband

Bwif = band width of IF passband

R, = height of weighting function maxdimum

Ah = width of welighting functlon

TB = brightness temperature predicted from model atmosphere

e = angle of antenna direction (from nadir)

6 (deg) v, (Me/s) BV, (Mc/s) b, (im) & (km) (%)
75 20 ) 10 37 7 258
o 20 10 32 10 2u6
5 60 10 29 8 ol
o - 60 10 25 9 230
™ 275 2k 22 T 222
0 275 24 17.5 8 218

Analysis of this data is underway.



Future flighté are planned for the sunmer of 1966. Major
changes to the radiometer are beinpg made; the local oscillator frequency
is being changed to 64.678 Ge/fs, the 21+ resonance which is much weaker
than the 9+ resonance, and the three IF's will be operated simultanecusly
rather than singly. The new frequency will permit weighting functions
that ‘pene{:rate the tropopause to give inversion methods & real test.
The radiometer parzmetexs and the height levels so\mded. by these experinments
are sumarized in Table 3,

TABIE 3 Summary, Summer, 1966 Flignts

Vo = 6)&«678 GC/S
. ~ O
aiems - 1=2°K

o (deg) vif{Mc/sj 5, (M /s) b (km) An(km) (%)
5 20 10 29 12 231
(- 60 10 22 12 218
5 275 ob 16 9 21k

0 20 10 1425 23 225
0 60 10 13 15 22k
0 275 C b 12 11 227

The early results of this program have been documented and accepted

for publication in the Journal of Geophysical Research.




IIT. Atmospheric Absorption et 72 Ge/s

An experiment tc measure the atmospheric opacity at T2 Ge/fs
was performed to investigate cbsorvticn on the wings of the millimeter
resonance lines of molecular oxygen. Sclar extinctlon measurements
were made with the 4 mm radiometric system on the roof of bullding 26
at M.I.T. Radiosonde measurements of the temperature, pressure, snd
water vapor density profiles were obtained from the Adrospace Instrumen-
tation Leboratory &t AFCRL for the days oi the observations,

On a clear day the itotal atmospheric opacity, T, at T2 Gc/s w.ll be
the sum of the opacities due to molecular oxygen ebsorption and witer

vepor &bsorption,

9 +THO (l)

Generally 7, , 15 on the order of 1/3 - /2 0of <

o at this frequency for
2 2

typical winter atmospheres. For each of the days of observaticp theoretical

values of the opacity, based on the radiosonde dats, were computed for
comparison with the measured opacities. The opaciiy due t¢ wat:ir vapor

absorption was computed using the abzorption coefficient of Barrett and
2

Chu.ngl as modified by Staelin™. Two ceparate oxygen opacities were computed

for each observing day. One used the resonance line shape of Van Vlieck and

WeisskoptS

Fw_v(v,vo,Av) =

v Av -_"_ Dy (2)

™o (v-yo)2 + e (v'«ws)a + ave

.for each of the millimeter resonance lines of oxygen; while the other

used the line shape of Zhevakin and Nwmvh




( ) b vo Ly ( )
F, V,v_,Av) = 3
Z-N o’ 7T (VQ_VOE)Q + L V2 Ava

The expression for the line width parameter, Av, appearing in both the
line shape expressions was taken as that of Meeks and LilleyS .

Table 1 shows the measurements compared to each of the theoretical

| computations. ,
TARLE 1 Atmospheric Opacitles f
T = T + T
VVaW o O
Nv-w 2
T = T + T
Z-n 0 higRe)
I 2
Date 1 measured {db) ‘:W_w(db) Tz_n(c}b)
18 March 1966 1.71L +C.15 2.09 1.83
21 March 1966 1.29 + 0.21 1,94 1.66
29 March 1566 1.37 + 0.1 1.67 1.35
b April 1966 1.65 + 0.23 1.84 1.59
15 April 1566 1.62 + 0.19 1.9k 1,68

The measurements appear to be in fairly good agreement with the
computations based on the Zhevakin-Noaumov line shape., It is possible, how-
ever, to explain the measured results within the context of the Van Vieck-
Weisskopf line shape if the line width parameter, Av, is taken as 0.85 of the
value used in the computations., A%t the pressures of interest this is not an

unreasonable value for Av.



Atmospheric opacity measurements both above and below the 60 Ge/s
couplex of oxygen lines arc suggested t¢ resolve the above conflict, The
line shape difference is an és mehric cne with the VV-W line shape giving
more obsorptlon above the rescnance and less below it than the Z-I line
shape; vhereas & smaller Av gives less absorption both above and below |
the resonance, . .

In addition recent laboratory measurements of the millimeter and sub-
millimeter water vapor lines should be incorporated into a more accurste
expression for absorption at frequencies near T2 Ge/s.
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IV. Radio Detection of Interstellar 0181{:L
Previous radio observations of interstellar OH have been due to the
most abundent isotopic species 0161{:L . These observations have allowed the

computation of the detection possibilitles amd accurate line frequencies



of the isotopie specles OCH- (Ref. 1). In particular, the

P = 272, B /o’ J = 3/2,/A- doublet transition was caleulated to

occur at 1630.3 + 9.2 Me/s, Wo hava cbsorved this line in th

absorption spectrum of the pelactic center {Sezittarius A) using

the 140-foot radio telescope of the National Redio Astroncmy Obser-
vatory. The observations were conducted during Apxil. 30-May 4, 1966,
and consisted of & total of 18 hours of integration., 'The observations
revcal absorptions of approximately 0.4°K and 0.1%% at radisl velocities
of + 40 Xm/s and - 135 Xm/s, respectively, if the rest frequency is
taken to be 1633.450C Mc/s. The velocities of absorpiion are in

6Hi (Ref. 2), and the rest frequency

excellent agreement with those of Ol
agrees very well witn the predicted vaiue. A spectral width of 2.0 Mc/s
was the maximum that could be cramined within our assigned time on the
antenna. This also precluded making cbservations of the line expected

a% 1637.3 + 0.2 Mc/s which might be as much as a factor of two less intense
and, therefore, require four times as much observing time for the same
signal-to-noise ratio.

The theoretical r-m-s noise for 18 hours of integration is 0.03°K and
it is apparent that this valve is almost reclized. Severe problems arise
in spectral line radiometers when very long integration times ere involved.
A dual switching techniqne to eliminate instrumental effects was used.

First, a load swlitching technique was used on each hour of observation and the

correlator éomputed the difference in autocorrelation functions looking



e

=10~

at the antenns and then at the load, Then for cach hour of observation
the local oscillator was shifted to displace any signal from Sagittariusg 4
Wy 250 Kc/e,'from the previous position in & three position cycle, The
data was then averaged by shifting the spectra eppropriastely so that the
signals line up in freguency, The date was slso averaged using shifte
cpposite to those required to line up the signal data. The differences of
the two averages was then taken and compensation made ‘for the smeared
signal data in the reference spectrum. This last techrique eliminated

any instrumentsl spectra from the correlator whizh smounted to seversl
derees, The instrumental effect’ in the correlator was due %0 er oTs in
the sampler not being entirely random and independexnt of the load switching
cycle. However this combination of locad and frequency switching may
always be desireable for long integration times even with improveé samples
performance.

It is difficult to estimate the 018/016 isotopic abundance ratic from
the results of the observations because of some uncertainty in the
interpretation of the 016 Hl absorption, Robinson et. sl. give an Oléﬁl
optical depth of 0.9 for the +40 Km/s absorption feature in Sagittsrius A,(g}
and similar arguments can be used to infer an cptical depth of 0.35 for the
-135 Km/s feature using the more recent ovservations of Bolton et. al.<2}
Our observations can be interpreted in terms of Olsﬁl optical depths of

L

2 x 1077 and 5 x 10" for the + 40 Km/s apd -135 Kn/s features, respectively.

I wo make the plausible assumption thast the O'CH' and ONCH dipole matrix

elements are the same, and the more uncertain assumptiorn that the o8 ana

Oléﬁl optical depths are in the direct ratic of the 018/016

18 /016

abundences, then

we derive O isotopic gbundance ratios of 1/450 and 1/700 for the two



" s 0 »

absorption features. These are in good agreement with the terrestrial

abundeaiice ratio of 1/490. Departures of the interstellar ratios from

the lexrestrial value could easily be explained by the uncerteinty in
the observed data, interpretaticn of the 616Hl observations, or different
excitation and/or formation mechanisms for the two isotopic species of
OE. To the best of our knowledge, the observations yleld the first
measure of any isotopic abundance ratics for the interstellar medium,

We wish % acknowledge the cooperation of personnel of the Netioasl
Radic Astronomy Observatcry and the use of the 140-foot radic telescope
for our observatioms. The results of this research will be presented
&% the 1225—1-6- Meeting of the American Astronczical Soclety in Ithecs,

New York, July 25-28, 1666,
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